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Fig. 5.-View on the bank of the Walchen Lake. 

+--

Fig. 6.-Left-hand illustration.-Same view as s hown 

in center pictu re as it would appear if seen from 

under the water. 

----+ 

Fig. 7.-Right-hand illustration.-A man in water 

up to his hips, and the view as he appears from below 

water level. 
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How Things Look from a Fish's Point of View 

By the Berlin Correspondent of the Scientific American 
OCEANOGRAPHY, thanks to the many investigations 

made from a geographical and physical viewpoint, 

has, during the last few decades, made enormous 

strides. We are now able, e. g., to gage with a fair 
approximation to truth, how light is distributed in 
the depths of the sea or a lake, what gradations of 

light and color are to be expected at certain depths, and 
what are the conditions of temperature from the sur
face down to the bottom. However, nobody seems so 

far to have examined in a comprehensive manner the 
question as to what an eye placed below the surface 
of the water would see and perceive, and what impres

sions it would receive from this rather unusual stand
point, of its immediate surroundings in the water, but 

especially of the world outside. 
The experiments recently made on vision below water 

by a German scientist, Dr. Otto Baron v. u. z. Aufsess 
of Munich, are therefore of more than passing interest 

and likely to appeal to the physicist as well as to the 

fisherman and angler! In order better to understand 
their purport it will be as well, by way of introduc

tion, to summarize the physical conditions on which 

vision is based: 

1 Devt.oke A1IlcmzeltV1IQ, Janu&r7. 1918. 

It is well known that a beam of light striking a trans
parent substance (e. g., water) of different density from 

air, undergoes at the boundary a variation in its direc
tion, on account of the difference in the velocities of 

light in different media. Again, the ratio between these 
velocities in two given media is a constant figure known 

as their index of refraction, which is expressed by a 
mathematical relation between the angles of incidence 

and refraction, respectively. Since a beam of light en

tering air from water under an incidence of 48% de
grees is broken along the water surface, those beams 

which come from angles greater than 48% degrees can 
no longer issue into the air, but are reflected in their 

entirety from the water surface, the limiting angle 
being called "angle of total reflection." 

What, then, may we expect to see on entering the 

water of a lake and trying to view the outside world 

from this unwonted position? Presuming the water 
surface to be perfectly calm, we immediately witness 
the following remarkable phenomenon: Whereas all ob

jects immediately surrounding us in the water are seen 

in their natural size and shape, anything situated out

side the water, 1. e., the whole of the outside world, 
appears strangely deformed. It is true that objects 
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situated vertically above our heads, 1. e., in the zenith 

(clouds in the sky, etc.) have preserved their true 

shalle; but as our gaze sweeps down toward the hori
zon, objects will change their wonted forms until at 

the horizon itself all vertical distances have become 
so .greatly shortened that nothing can be recognized. 

What is the reason of this strange phenomenon'! In 
connection with our reference to total reflection we 
have seen that there are no visual beams connecting 

the water and the outside world, beyond and angle of 

inclination of 48* degrees. In fact, the whole hemi
sphere of 180 degrees, constituting the outside world, 
is reproduced in the water within a cone of 97 degrees. 

While a fish thus is able to see all objects of the out
side world�ven an angler coming toward the water's 

edg�he sees everything, with the exception of the 

zenith, deformed and on a shortened scale. Moreover, 

the cone of 97 degrees just referred to is, at the limit
ing angle of total reflection, lined by a colored fringe 

due to the dispersion of colors in water, the red edge 
being turned downward and the blue and violet upward. 

The horizon of water dwellers thus Is extremely 

limited as compared with that of dwellers in the air, 

(Oonolvded Ott pal/e 101.) 
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Fig. 8.-Hotel on the Walchen Lake. Fig. 9.-The same hotel seen from below the water. 

Seeing Under Water 
(Concluded from first page) 

whilr! cvell the �rm and size' of object;; in the air 
a pnea r to them different from what they do to us. 
However, a person placed in the water will be even 
more surprised on viewing an object situated partly in 
air and partly in water. 

Let us first consider an ordinary measuring·staff, as 
in Fig. 4 half of which is situated in water and 
half in the air. An eye placed under the water at A 

sees the submerged portion in its natural shape and 
size within the angle 2. The portion outside, how· 
eve I', becomes first visible in the cone corresponding to 
total reflection (angle 5); the upper portion of the 
staff thus appears in the direction of the limiting angle 
of total reflection. Being situated immediately above 
the water horizon, the whole of this portion appears 
extremely shortened, in fact, as a small object far 
distant from its direct continuation in the water, in an 
oblique direction above the water surface. Thus the 
staff is seen as two separate and altogether dissimilar 
parts. 

Within the angle 3 is seen tile reflection of the lower 
portion, and in the angle 4 the remaining lower sur
face of the water up to the limiting angle of total re

flection. In the angular space 1 the eye sees the bot
tom of the lake from the staff to the bank, and in 6 
t he reflection of parts thereof. 

Ohservation with the naked eye under water is un· 
Ratisfactory because it is impossible to stay under until 
the surface is undisturbed and one must limit himself 
to observing his immediate surroundings in the water. 
As his eye is only adapted for vision in the air, all 
objects, on account of the different refraction of the 
water, will appear hazy and without any sharp out
lines. The hands and body will have a sponge·like, 
jel1y·fish·like appearance, even the stones on the bot
tom looking like parts of a pulpy mass. Any more dis
tant objects, for instance, the body of another human 
being, will appear quite indistinctly, as though through 
a dim green' glass or a greenish haze. Such 'are the reo 
sults of Baron Aufsess's actual experiments in the 
partciularly clear water of the Walchensee. 

But he has made more interesting observations by 
means of a mirror placed under the surface. 

It was intercsting to ascertain whether the silvcr· 
white armor of scales surrounding the abdomen of 
fishes in an outcome of adaptation to a bright reflex 
actually existing at the water's surface, the fish becom
ing practically invisible to their foes. The supposition 
that such a reflection would be visible on the surface 
wherever on account of total reflection no light Is 

o 

An object AB under water, looked at from 0, does not 

appear at AB, but at A'B' owing to refraction. 

allowed to come out of the water, was found to he 
erroneous, the water surface being even darker than 
the surroundings and showing the color of the lake 
(green or bluish·green). On the other hand, the circle 

corresponding to the cone of outside '/ision is extremely 
bright, and if the surface be even slightly stirred, each 
wave will produce a flickering glimmer, so that a fish 
in this region doubtless becomes invisible to his foes, 
on account of his silver armor. 

An eye situated under water sees the submerged 
portion of a measuring scale in its natural size, 

and the portion above water separate and greatly 

fore-shortened. 

As regards the appearance of outside objects, houses 
and trees situated close to the water's edge are hardly 
recognizable as such, so flattened do they appear, while 
their lower portions are entirely invisible. Nor are the 
stones at the water's edge seen any longer; in fact, the 
roofs of the houses and the tops of trees look as though 
they rose directly from the water. Even high moun· 
tains appear from the middle of the lal{e as though 
they were slightly more than low eminences or at most 
flat hills. Most comical, however, is the appearance of 
a man standing nearby at the water's edge; his legs 
nearly up to the knees disappear, only the body being 
visible from this point, but compressed like a ball. 
What wonderful colors are, however, shed over this 
man and his surroundings! His face, arms, hands
in fact everything·-is shining In Ute most beautiful 
colors of the spectrum, each bough of the adjoinin� 
trees, every leaf, is surrounded by a spectrum of its 
own, so that one could believe the trees to be dotted 
with shining rainbow pins. Wherever the bright sky 
is visible through the boughs, red, yellow, green and 
blue draperies are seen. The distant mountainous 
banks of the lake appear so flattened as to look like a 
dark horizontal stroke, but even they have their colored 
fringe, though only the red and yellow can be dis
tinguished. If, now, the mirror be placed somewhat 

The path oC light rays incident at different angles 

upon the surface of water. 
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more obliquely, the true shape of an object is seen to 
be rendered the more faithfully as it is situated closer 
to the zenith. Still, it retains the wonderful colored 
edges above referred to. 

Fig. 7 represents the impression received by an eye 
placed in very clear water, of a man walking up to 
his hips in water. Will the monster approaching the 
observer be recognizl'd as II human being? In accord· 
,lIIce with the broken appearance of the measuring staff 
(l�ig-. 4), the water dweller sees the part of the human 
body immersed in the water, walking on the bottom 
of the lake .in its natural size and shape. This part 
of the body, however, is reflected at the same time from 
the lower surface of thc water, thus producing an 
identical though revl'rsed image with the feet pointing 
lInward as a continua tion of his lowcr body. The upper 
hody, which cmerges from the water, first becomes 
dsible in the angular space corresponding to total re
flection inside which the outside world is reproduced. 
It is thus seen from the eye A upward in an oblique 
direction in such a manner that above a colored band 
on the water surface only the flattened upper parts of 
the body are visible, surrounded by a luminous colored 
edge, all the remainder having disappeared. In fact, 
the man will produce on the water dweller the im· 
pression of a strange being. The view toward the stony 
hank of the lake (Fig. 6) is likewise remarkable. On 
account of the similarity of the rellection with the real 
picture of the lake bottom, the eye seems to look into 
a tapering narrow slit paved with stones on the top and 
beneath, above which the water's edge appears in the 
same manner as above described. The reflecting water 
surface is only visible where it comprises bubbles or 

floating objects. Figs. 6, 8 and 9 show appearance of 
huilding and mountains. 

Another method of studying underwater vision was 
described in the SCIENTIFIC AMERICAN of December 
2l;th, 1912. It involves the building of a subaqueous 
chamber from which fishes may be watched and photo
graphed. Herewith are two underwater photographs 
taken by Dr. Francis Ward, showing a heron walking 
in the water. The mirror effect of the surfacc of the 
water is clearly brought out, although the reflection is 
1I0t. peI"fcet hccansc of ripples stirl·et.1 up by the birrl. 

German Investments in the Dyestuffs Industry 

IN analyzing the organization of the German dyestuff 
industry, It will be found that not only a vast amount 
of brain effort has been expended in its creation, but 
t.hat also the cash investment has been extremely large. 

There are now 22 German establishments devoted to 
the manufacture of coal·tar colors. Of these 21 are 
owned by joint stock companies. The combined capi· 
talizatlon of the 21 companies, in 1913, was $36,700,000. 
In that year they paid dividends amounting to $11,600,· 
000, or 21.74 per cent of the nominal capitallzatIon. 

The cxplanation of this high percentage lies In the 
fact that for many years the industry has regularly 
devoted a large share of Itll profits to writing off the 
real estate and plant accounts and to new construction. 
One of the oldest and strongest companies has a capital 
of $13,100,000. Its stock sells at 600. In 1913 its 
net profits were $6,000,000, nearly one· half of the capital. 
One·thlrd of this sum was devoted to a sinking fund 
for the erection of new plants, etc., and to welfare funds 
for operatives. From the remainder a dividend of 28 
per cent. was paid. This course has been pursued 
for so many years that it is now estimated that at least 
$400,000,000 have been Invested in the Industry. 

It Is worthy of note that the next most remunerative 
chemical industries in Germany are those devoted to 
explosives, glass, heavy chemicals, metallurgy, soap and 
candles. The factories number 252. Dividends rangl'! 
from 11.2 to 11.8 per cent. Most of the remaining 
('hemlcal Industries In the empire pay dividends of G 

to 10 per cent. 
It Is easily seen that financially the German coal·tar 

(lye industry is exceptionally well fortified and in a 
11Osition to resist powerfully any attempt to destroy its 
sllpremacy.-Report of Bureau of Foreign and D�tic 

Commerce. 

An entire hemisphere is reflected under water in 
a cone of 97 degrees angles_ 
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